Idiopathic pulmonary fibrosis (IPF) is a fatal disorder without an effective therapy to date. In a double-blind, randomized, placebocontrolled trial, 107 patients were prospectively evaluated for efficacy of a novel compound, pirfenidone. The difference in the change in the lowest oxygen saturation by pulse oximetry (Sp O 2 ) during a 6-minute exercise test, the primary endpoint, from baseline to 6 months was not significant between the two groups (p ϭ 0.0722). In a prespecified subset of patients who maintained a Sp O 2 greater than 80% during a 6-minute exercise test at baseline, the lowest Sp O 2 improved during a 6-minute exercise test in the pirfenidone group at 6 and 9 months (p ϭ 0.0069 and 0.0305, respectively). Positive treatment effect was demonstrated in secondary endpoints: (1 ) change in VC measurements at 9 months (p ϭ 0.0366) and (2 ) episodes of acute exacerbation of IPF occurring exclusively in the placebo group during the 9 months (p ϭ 0.0031). Significant adverse events were associated with pirfenidone; however, adherence to treatment regimen was similar between pirfenidone and placebo groups. In conclusion, treatment with pirfenidone improved VC and prevented acute exacerbation of IPF during the 9 months of follow-up. Future long-term studies are needed to clarify the overall safety and efficacy of pirfenidone in IPF.
Idiopathic pulmonary fibrosis (IPF) is a relentlessly progressive and fatal disorder characterized by high-resolution computed tomography (HRCT) and histologic features of usual interstitial pneumonia (UIP) in adults over 50 years of age with exertional dyspnea, abnormal pulmonary function tests (PFTs), and ineffective therapy (1, 2) . Resting PFTs are routinely used to assess the functional status and the rate of progression of IPF. Recently, serial changes in PFTs have been demonstrated to be predictive of survival in patients with IPF (3) (4) (5) . The progression of IPF assessed by PFTs and survival were uninfluenced by IFN-␥, and the need for further trials has been emphasized (6) (7) (8) . Endexercise hypoxemia during maximal and submaximal steadystate exercise is a useful measure of severity in IPF (9, 10) .
In addition to the changes in resting PFTs, the international consensus statement on IPF (1) also suggested the use of measured oxygen saturation during exercise to monitor the functional status during follow-up as a measure of response to treatment. A recent study demonstrated that decreased oxygen saturation by pulse oximetry (Sp O 2 ) during 6 minutes of walking predicted survival in IPF (11) . In a modified version of the 6-minute-walk test, the decrease of Sp O 2 to 80% during the walk, the walk velocity, and the distance covered by the patients to desaturate predicted survival in a recent study of patients with IPF followed for 5 years (12) . We prospectively designed a novel study using the change in the lowest Sp O 2 reached during the 6-minute-walk test as the primary endpoint.
Pirfenidone (5-methyl-1-phenyl-2-[1H]-pyridone; Shionogi and Co., Ltd., Osaka, Japan; MARNAC Inc., Dallas, TX), a novel compound with combined anti-inflammatory, antioxidant, and antifibrotic effects in experimental models of pulmonary fibrosis (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) , has therapeutic potential for IPF (23) (24) (25) . Prompted by the encouraging results of an open label prospective phase II clinical study of pirfenidone in patients with advanced IPF (23), we undertook a prospective clinical trial to determine its effect on Sp O 2 with exercise and its correlation with resting PFTs. The study was aborted in favor of pirfenidone treatment due to an increased number of acute exacerbations of IPF in the placebo group.
The results of this trial were presented in part during the American Thoracic Society International Conference in 2002 (26) .
METHODS
Consenting patients with well defined IPF participated in a doubleblind, placebo-controlled, randomized, multicenter, prospective clinical trial conducted at 25 sites in Japan. The protocol was approved by the institutional review board at each center, and ongoing efficacy and safety results were reviewed by an independent Data and Safety Monitoring Board (DSMB) at 6-month intervals.
The diagnosis of IPF was in accordance with the international consensus statement (1) . While histologic evidence of UIP was not mandatory, HRCT evidence of definite or probable UIP pattern in the appropriate clinical setting was required in all patients. Definite UIP pattern was defined by basal predominant, subpleural reticular abnormality with traction bronchiectasis and honeycomb cysts and without atypical features of UIP (2, 27, 28) . Probable UIP pattern was defined as the same as definite UIP pattern, but without traction bronchiectasis. The presence of other typical clinical features, including bibasilar inspiratory crackles, abnormal PFTs (1), and increased serum levels of damaged-pneumocyte markers (KL-6 [29] and surfactant proteins A and D [30] ), was required in addition. Eligible patients were 20 to 75 years of age with adequate oxygenation at rest (Pa O 2 у 70 mm Hg) and demonstrated Sp O 2 of 90% or less during exertion while breathing air, within 1 month before enrollment.
Criteria for exclusion were a decrease in symptoms during the preceding 6 months, use of immunosuppressives and/or oral prednisone greater than 10 mg/day during the preceding 3 months, clinical suspicion of idiopathic interstitial pneumonia other than IPF (2), coexisting emphysema (HRCT images of low attenuated areas in upper lung fields), pulmonary hypertension, asthma, tuberculosis, sarcoidosis, bronchiectasis other than traction associated, aspergillosis or respiratory infection; uncontrolled diabetes, comorbid conditions including malignancy, severe hepatic, renal, or cardiac disease; pregnancy (or its pursuance), breastfeeding; previous use of pirfenidone, suspicion of poor compliance in adherence to protocol, or being unable to understand protocol/written informed consent. Whereas concomitant prednisone of 10 mg/day or less was allowed, the following immunosuppressants or other antiinflammatory/antifibrotic drugs were not allowed to be used concomitantly: cyclophosphamide, azathioprine, methotrexate, d-penicallimine, colchicine, erythromycin, IFNs, N-acetylcysteine, cyclosporine, tacrolimus, and other experimental agents under investigation for IPF.
The primary endpoint was defined as the change in the lowest Sp O 2 during a 6-minute steady-state exercise test (6MET). Patients were requested to walk on a treadmill at a constant speed while breathing air. The Sp O 2 was continuously measured by a pulse oximeter (31, 32) . The initial speed for each patient was started at 60 m/minute and the investigator, while monitoring the Sp O 2 measurements, adjusted the treadmill speed to determine an appropriate speed (40-80 m/minute) on the basis of the patient's comfort to be able to perform the 6MET while the lowest Sp O 2 reached 90% or below. This predetermined speed at screening was kept constant for the individual patient at baseline and follow-up visits every 3 months. Thus, every patient had their own "determined" speed tailored to their comfort and demonstrated O 2 desaturation to less than 90%. To assure patients' safety, the test was stopped when Sp O 2 reached 80%. A greater than 4% increase in the lowest Sp O 2 value during the 6MET was classified as "improved", a 4% decrease or less as "deteriorated", and the other values as "stable" (1) . Each patient's Sp O 2 during the 6MET was quantified and assessed visually as Sp O 2 area (Figure 1 ). In addition to the change in the lowest Sp O 2 during the 6MET, the difference in the Sp O 2 area between the baseline test and the follow-up test at 6 or 9 months was also determined.
Secondary endpoints were changes in resting PFTs while breathing air (VC, TLC, Dl CO , Pa O 2 ), disease progression by HRCT patterns, episodes of acute exacerbation of IPF, change in serum markers of pneumocyte damage, and changes in quality of life measurements (33) (34) (35) . PFTs were measured at baseline and at 3-month intervals and classified into "improved", "stable" and "deteriorated" (changes of 10% for VC and TLC, 15% for Dl CO , and 4 mm Hg for Pa O 2 ) (1).
All HRCT scans were performed in accordance with predetermined protocol at baseline and 6-month intervals. Three expert chest radiologists independently evaluated the pattern of lung fibrosis on HRCT scans. In cases of disagreement, the radiologists and Study Coordinating Committee reexamined the scans in question to reach a consensus. Disease worsening on HRCT was defined as progression in the extent of UIP pattern compared with baseline, and was based on the independent evaluation of the site investigator and one of the three radiologists. The radiologists and Study Coordinating Committee were blinded to patient identification, treatment assignment, and temporal sequence of the studies.
The definition of acute exacerbation of IPF (36, 37) was prespecified as manifestation of all of the following: worsening, otherwise unexplained clinical features within 1 month: progression of dyspnea over a few days to less than 5 weeks, new radiographic/HRCT parenchymal abnormalities without pneumothorax or pleural effusion (e.g., new, superimposed ground-glass opacities), a decrease in the Pa O 2 by 10 mm Hg or more, and exclusion of apparent infection based on absence of Aspergillus and pneumococcus antibodies in blood, urine for Legionella pneumophila, and sputum cultures.
Serum KL-6 (29) and surfactant protein-D (30) levels, Chronic Respiratory Disease Questionnaire Score (33, 34), and Hugh-Jones Classi-fication Score (35) were measured to assess the changes in blood levels and patient's perceived quality of life during the study.
Patients were randomly assigned into pirfenidone or placebo (2:1) groups using a modified permuted-block randomization method with block sizes of six. A dose-titration schedule was followed for all patients: patients received oral tablets (pirfenidone or placebo) at a dose of 200 mg three times a day for the first 2 days, 400 mg three times a day for the 2 following days, and 600 mg three times a day (maximum dose) for the last 3 days. The maximum dose was maintained in patients tolerating it throughout the study. This regimen was determined on the basis of pretrial studies in Japanese volunteers and was lower than that given to white patients in a previous study (23) . Patients not tolerating the maximum dose of 1,800 mg/day received a reduced, prespecified regimen utilizing the Standards for Classification of Serious Adverse Drug Reactions (38) . For an adverse event of Grade 2 or worse, the dosage was reduced in a stepwise manner: from 9 tablets per day to 6 tablets per day, 6 tablets per day were reduced to 3 tablets per day. After a period of 14 days of observation with reduced dosage, the dosage was reduced further by one more step if the adverse event had persisted or increased (from 6 tablets per day to 3 tablets per day), and patients were monitored for another 14 days while taking the subsequently reduced dose. When the adverse event of Grade 2 or worse persisted or increased despite reducing the dosage to 3 tablets per day, the study medication was discontinued and patients observed for another 14 days. If the adverse event had resolved or decreased with reduction in the dose, the investigator was allowed to increase the dose up to 9 tablets per day. For an adverse event of Grade 1, the dosage regimen/reduction was deferred to the investigator's clinical judgment.
Statistical Analysis
The prespecified sample size was 90 patients (pirfenidone: 60, placebo: 30) based on a simulation study with the use of the lowest Sp O 2 achieved during a 6MET after 1-year duration of the study. This minimum number of patients provided statistical power greater than 0.8 to detect assumed efficacy at the significance level of 0.025. Analysis of change from baseline was performed with the Welch's t test. Categorical variables were analyzed with the Wilcoxon's test. Analyses of incidences were performed with Fisher's exact test. For missing values, the principle of last observation carry forward was adopted.
Immediately after initiating the trial, a decision to conduct a prespecified analysis (i.e., before breaking the code) in the subset of patients who were able to complete the 6MET without the Sp O 2 reaching less than 80% at baseline was made (see Results).
Based primarily on important 6-month trends in a secondary endpoint, the DSMB recommended early termination of the trial on ethical grounds. Due to the length of time needed to collect, analyze, report a minimum of 6 months of data for DSMB review, all patients in the trial completed a minimum of 9 months on their assigned treatment arm by the time the recommendation to break the code was made. While both 6-and 9-month results are presented in the Results section of this manuscript, results from the latest complete follow-up exam (i.e., 9 months) most closely match the planned length of follow-up and are considered of primary importance.
The data were held and analyzed by the trial sponsor. All authors of this study actively participated in the study design and had full access to analyzed data. No restrictions were placed on the authors by the sponsor for data analyses or reporting.
RESULTS
One hundred nine patients (pirfenidone: 73, placebo: 36) were entered into the study from November 2000 to January 2001 for safety assessment. Of the 109 patients, 107 (pirfenidone: 72, placebo: 35) were evaluated for efficacy of pirfenidone as 2 patients were excluded per prespecifications because they had violated inclusion criteria. A total of 91 of the 107 patients had definite UIP by HRCT; the remainder (16/107) had the probable UIP pattern. All patients had other clinical features typical of IPF (1) . The assessment by the three expert chest radiologists concurred with one another in 92% of cases. The few cases of disagreement were due to their assessment of ground-glass opacities and honeycombing versus cysts. The site investigator disagreed over the change in extent of disease with the radiologist in 36% of cases. In these circumstances, the radiologist's opinion was preferentially adopted.
Contrary to our expectations, 27 patients were not able to complete the 6MET for the entire duration of 6 minutes as defined at baseline. Because we were concerned that this unexpected finding at baseline itself might adversely affect the prespecified statistical analysis, we amended our design at the beginning of the study and proactively decided to perform the analysis for the group of patients who completed the entire duration of the 6MET (n ϭ 80). Among 107 patients, 80 patients (pirfenidone: 55, placebo 25) were able to complete the entire duration of the 6MET at the baseline visit as their Sp O 2 remained more than 80%; the other 27 patients were stopped per prespecified protocol when their Sp O 2 dropped to 80% before the 6-minute duration. The patient characteristics and demographic parameters for both groups were similar ( Table 1) . The majority of patients were above 50 years of age with only four patients below the age of 50 years (three in the pirfenidone group and one in the placebo group), but none below 46 years of age. Each of the four patients had typical patterns of UIP in the HRCT. A total of 35 patients who had coexisting atypical features in HRCT underwent lung biopsy (23: surgical lung biopsy, 12: transbronchial lung biopsy). Of the 107 patients evaluated for efficacy of pirfenidone, 92 had not received prior treatment with corticosteroids, and thus, the majority of enrolled patients were corticosteroid naive.
Primary Endpoint
Statistical significance was not reached for change from baseline of the lowest Sp O 2 during the 6MET in the full analysis set ( Table  2) . At 6 months, the pirfenidone group was observed to have a mean increase from baseline in lowest Sp O 2 during the 6MET of 0.64% compared with a mean decrease of 0.55% in the placebo arm (p ϭ 0.1489). At 9 months, the pirfenidone group was observed to have a mean increase from baseline in lowest Sp O 2 during the 6MET of 0.47% compared with a mean decrease of 0.94% in the placebo arm (p ϭ 0.0722). The difference between groups was, however, more pronounced at both 6 and 9 months in 80 patients who completed the baseline 6MET (p ϭ 0.0069 at 6 months, p ϭ 0.0305 at 9 months).
Secondary Endpoints
There was a marginal decline in VC from baseline at 6 months in the placebo group (Ϫ0.08 L) compared with the pirfenidone group (Ϫ0.01 L, p ϭ 0.0995). At 9 months, the difference in decline of VC between the placebo group (Ϫ0.13 L) and the pirfenidone group (Ϫ0.03 L) was statistically significant (p ϭ 0.0366, Table 2 ). Changes in TLC, Dl CO , and resting Pa O 2 between the two groups were not statistically significant at either 6 or 9 months. The VC and TLC were stable in more patients in the pirfenidone group compared with the placebo group (p ϭ 0.0028 and 0.0155, respectively, at 9 months), but statistically significant differences in stability were not observed for Dl CO or resting Pa O 2 ( Figure 2) . Changes in the lowest Sp O 2 and Sp O 2 area were weakly correlated with changes in VC, TLC, and Dl CO (Table  2) . However, the change in the lowest Sp O 2 was correlated with the change in Sp O 2 area during 6MET at 9 months (Figure 3) .
The reduction of ground-glass and reticular opacities was recognized as improved patterns of the HRCT images. The proportion of patients who improved at 6 months was 15% (10/65) for the pirfenidone group and 7% (2/29) for the placebo group (p ϭ 0.0921). There were no differences observed in the extent or severity of the honeycomb pattern.
Acute exacerbation of IPF was manifested in 14% of the placebo group (5/35) and in none of the pirfenidone group during the 9 months (p ϭ 0.0031). All five patients met the prespecified definition of acute exacerbation and required hospitalization for supportive care that included high-dose corticosteroid therapy and oxygen supplementation. Based on the interim acute exacerbation data at 6 months, the DSMB strongly advised that the study be aborted and pirfenidone be administered to patients in the placebo group. One of the five patients died after the onset of acute exacerbation in the placebo group, whereas there were no deaths in the pirfenidone group during the 9-month study period.
At nine months, neither dyspnea nor the quality of life was affected by study medication (p ϭ 0.6367 and 0.8720, respectively). There were no significant changes observed in serum SP-D or KL-6 measurements between groups.
Safety
Adverse events reported with the frequency of 10% or more at 6 months are listed in Table 3 . The events associated with pirfenidone were similar to those of a previous report (23) (24) (25) . In the pirfenidone group, 62 out of 73 patients (85%) adhered to the treatment protocol at 6 months and 57 (78%) patients adhered to the treatment regimen at 9 months compared with 29 out of 36 patients (81%) and 28 (78%) patients in the placebo group at 6 and 9 months, respectively. The number of patients discontinued is summarized by reason in Table 3 . Adverse events causing discontinuation (n ϭ 11) in the active arm are photosensitivity (five patients) and, vomiting, fever, abnormality of hepatic function, dizziness, facial paralysis, and hepatoma (one patient for each cause), whereas in the placebo arm, adverse events causing discontinuation were headache and bradycardia (one patient for each). There was no significant difference in the discontinuation of treatment between the two groups at 9 months with the exception of the noted significant episodes of acute exacerbation in the placebo group. The major cause for discontinuation of treatment was adverse events in the pirfenidone group compared with acute exacerbation in the placebo group. Skin photosensitivity was the major adverse event for discontinuing or reducing pirfenidone dose. Most of the adverse events disappeared with decrease of the dose or temporarily holding the medication. These patients tolerated readministration of pirfenidone/placebo at a lower dose based on the prespecified protocol.
DISCUSSION
An efficacious treatment regimen for IPF is long overdue. While several new agents modulate a specific molecular and cytokine cascade of events implicated in the pathogenesis of IPF (8) and are the subject of ongoing studies, the results of this doubleblind, placebo-controlled, randomized, multicenter clinical trial provide important insights into management of IPF. First, the safety and efficacy of an experimental simple molecule, pirfenidone, is tested in a well defined population of IPF. Second, the clinical significance of acute exacerbation of IPF is highlighted by its manifestation exclusively in the placebo group. Third, change in VC measurement over time is observed to be a suitable outcome measure, and fourth, change in the lowest Sp O 2 desaturation during exercise appeared to be a promising new functional measure for IPF. The study was aborted on the basis of the recommendations of the DSMB in favor of the pirfenidone treatment over the placebo group. The early termination before the intended 1-year period of follow-up and the yet-to-be validated primary endpoint are limitations of this study. Therefore, results of this study should be interpreted with caution. This study demonstrated no difference in primary endpoint but a significant difference in secondary endpoints of change in VC and acute exacerbation at 9 months. Whereas there was no significant difference in the primary endpoint between the two groups when the data were analyzed for all patients (the full analysis set), a positive trend was noted at 9 months in the pirfenidone group. However, pirfenidone treatment suppressed the decrease in oxygenation during exercise in the subset of patients who did not demonstrate Sp O 2 less than 80% during the 6MET at baseline. A decrease in Sp O 2 of 4% or more during 6 minutes of walking has been recently demonstrated to predict survival in IPF (11) . In a recent study, end-exercise Sp O 2 , change in Sp O 2 with exercise, walk distance, and walk velocity were correlated with survival in a 5-year follow-up study in patients with IPF (12) . Other studies have correlated exercise-induced hypoxia to the severity of IPF (9, 10). Our study was specifically designed to unmask the exercise-induced oxygen desaturation for each individual patient as the speed determined for each patient was tailored to the patient's ability to comfortably perform the 6MET while demonstrating a Sp O 2 less than 90%. Whereas the change in Sp O 2 measurements during the 6MET may be clinically relevant to the individual patient, the 6MET requires validation in future studies in IPF. In the categorized analysis of the lowest Sp O 2 during the 6MET in the full analysis at 9 months, the number of patients who demonstrated improvement and stabilization was 16 (24%) and 38 (58%), respectively, in the pirfenidone group versus 2 (6%) and 20 (61%) in the placebo group (p ϭ 0.0159). The change in Sp O 2 measurement occurred despite no detectable changes in resting Pa O 2 and Dl CO measurements. The explanations for this discordance can only be speculative as the precise mechanism of the biological actions and clinical effects of pirfenidone are unknown. It is possible that the improved oxygenation during exercise is due to the improved ventilation and perfusion matching without reflecting Dl CO measurements, increased minute ventilation, and a decrease in physiologic dead space during exercise. In addition, the presence or absence of occult secondary pulmonary hypertension may have affected some of the clinical and physiologic findings observed in this study. In our study, we displayed the continuous Sp O 2 saturation monitored during the 6MET in a novel, visual, and graphic manner as "Sp O 2 area." There was an excellent correlation between the change in the lowest Sp O 2 during exercise and the change in Sp O 2 area (Figure 3 ). The Sp O 2 area was significantly smaller in the pirfenidone group than in the placebo group at 6 months in patients who were able to complete the total duration of the 6MET at baseline (see Table E1 in the online supplement). The mean Sp O 2 area of all patients increased slightly in the placebo group and decreased in the pirfenidone group during the study period of 9 months. The Sp O 2 area may therefore be considered as a supplementary tool or an endpoint in future studies.
There was a lesser decline in VC during the 9-month study period observed in the pirfenidone group. Correlation of changes in VC and TLC with the lowest Sp O 2 during the 6MET was also significant in our study. Recently, serial changes of FVC at 6 and 12 months and a composite physiologic index have been demonstrated to predict survival in IPF (3) (4) (5) . Thus, the improvement in VC measurements observed in the pirfenidone group over 9 months is encouraging.
Long-term studies are needed to validate the primary endpoint chosen and determine the clinical relevance, significance, and potential benefits of using the Sp O 2 during the 6MET as primary outcome measure over the conventional measurements of serial changes in FVC, VC, and other PFTs and/or using a composite parameter, such as the composite physiologic index and clinical-radiographic-physiologic score in IPF (39) .
Despite the relatively mild impairment based on VC and TLC, the patients enrolled in our study had clinically significant disease, as they all had significant reduction in Dl CO and Sp O 2 on exertion. One reason for this relatively preserved VC could be that the disease may have been diagnosed early, as people get routine medical evaluations (including chest radiographs) in accordance with the national health insurance plan in Japan. Thus, it is apparent that several patients in this study were at an early stage of IPF based on VC, even 3 years after diagnosis and demonstrating Sp O 2 less than 90% during the 6MET. Therefore, conventional measurements of VC and TLC may not necessarily reflect the severity of IPF based on oxygen desaturation during exertion in the patient population generally confronted by clinicians to intervene therapeutically in routine practice.
Alternatively, patients may demonstrate Sp O 2 less than 90% during the 6MET even in early stages of IPF. Future clinical trials will need to include patients with all degrees of impairment (resting PFTs and exercise-induced Sp O 2 ) to clarify if there is a preferential effect on outcome measures in IPF.
The significant difference in the incidence of acute exacerbation of IPF between the study groups is an important and clinically relevant measure of favorable outcome. The implication of the prevention of acute exacerbation by pirfenidone is potentially crucial for the prognosis of IPF, as these episodes often have a fatal outcome despite aggressive levels of supportive care in the intensive care unit (36, 37, 40) . In our study, all the patients who manifested an acute exacerbation of IPF were exclusively in the placebo group. Despite the fact that this secondary endpoint was the main reason for the DSMB's recommendation to abort the study, we express caution in drawing conclusions based solely on this result for the following reasons: (1 ) limited follow-up data in the study, (2 ) a consensus among experts worldwide regarding definition is currently not available, and (3 ) the incidence of well defined acute exacerbation of IPF, its clinical significance, relevance, and relationship to outcome measures and mortality are unknown. Based on the prespecified definition of acute exacerbation of IPF in this study, at least 14% of patients in the placebo group manifested the acute syndrome during a short-term follow-up of 9 months. In a recent study, there appeared to be significant episodes of acute respiratory decompensations preceding death in patients with progressive IPF (6) . Future studies in a well defined study population are needed to carefully define and prospectively monitor episodes of acute exacerbation during treatment and to investigate its associations with mortality in IPF. Whereas the precise molecular mechanisms of the effects of pirfenidone are unknown, one may speculate that its multiple biological functions, including scavenging hydroxyl radicals and antiinflammatory and antifibrotic properties (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) , may in part protect the fibrotic lung from superimposed diffuse lung damage associated with acute exacerbation of IPF.
A significant number of patients receiving pirfenidone manifested adverse effects. However, only 11/73 (15%) of the patients discontinued pirfenidone during the study. At 9 months, 54% of patients tolerated the maximum dose of 1,800 mg/day. Approximately half of the patients who did not tolerate the dose of 1,800 mg/day were able to tolerate the dose of 1,200 mg/day. Whereas the adverse events and positive clinical effects associated with pirfenidone were similar to those reported in 54 IPF patients treated with pirfenidone (23) , there are differences in dosage between the two studies. The maximum dose used in the previous study done in the United States was 40 mg/kg/day and not more than 3,600 mg/day. While the dose range tolerated in those patients with IPF followed in the United States is unclear, Japanese patients tolerated at least 1,200 mg/day and the maximum dose was 1,800 mg/day in this study. Because the mean weight of patients enrolled in this study was 62 kg, it appears that Japanese patients tolerate a dose of 20-30 mg/kg/day rather than the maximum dose of 40 mg/kg/day used in Caucasian patients. It must be noted that this study was not designed to determine the safety and efficacy in a dose-dependent manner. Phase III clinical trials are needed to clarify if the noted side effects will be tolerated or not by patients for it to be a realistic therapeutic option.
In summary, this novel study provides encouraging evidence to pursue the potential of an efficacious treatment with pirfenidone for patients with IPF in a well designed phase III clinical trial. During the 9-month follow-up study, the most striking and clinically important findings noted were that the episodes of acute exacerbation of IPF manifested exclusively in the placebo group and there was a lesser decline in change in VC in patients receiving pirfenidone. Because lesser change in the lowest Sp O 2 during the 6MET was noted in the pirfenidone group of patients who were able to complete the 6MET without desaturation to less than 80% at baseline, it can be hypothesized that pirfenidone may have a preferential therapeutic effect in patients with relatively milder disease. Acknowledging the limited follow-up data to date, this is the first prospectively conducted multicenter large clinical trial to demonstrate an improvement in prespecified clinical parameters of outcome in patients treated with oral pirfenidone for IPF. Significant adverse events were associated with pirfenidone; however, there were no differences in the discontinuation of study medications in the pirfenidone and placebo groups. The trial was aborted on the basis of episodes of acute exacerbation of IPF observed exclusively in the placebo group. Long-term studies are needed to confirm our encouraging results in IPF patients treated with pirfenidone.
